Samples obtained from plumbing systems of hospitals, nonhospital institutions, and homes were cultured for Legionella spp. by plating the samples directly on a selective medium. Swab samples were taken from the inner surfaces of faucet assemblies (aerators, spouts, and valve seats), showerheads, and shower pipes. Water and sediment were collected from the bottom of hot-water tanks. Legionella pneumophila serogroups 1, 5, and 6 were recovered from plumbing fixtures of the hospitals and nonhospital institutions and one of five homes. The legionellae (7 to 13,850 colony-forming units per ml) were also present in water and sediment from hot-water tanks maintained at 30 to 54°C, but not in those maintained at 71 and 77°C. Legionella micdadei was isolated from one tank. Thus legionellae are present in hot-water tanks which are maintained at warm temperatures or whose design results in warm temperatures at the bottom of the tanks. We hypothesize that hot-water tanks are a breeding site and a major source of L. pneumophila for the contamination of plumbing systems. The existence of these bacteria in the plumbing systems and tanks was not necessarily associated with disease. The extent of the hazard of this contamination needs to be delineated.
Legionella pneumophila has been shown to be present in aquatic habitats. Initially these bacteria were found in cooling towers of air conditioning systems and a stream in association with outbreaks of Legionnaires' disease (3, 12) . Subsequently they were detected in natural waters without association with disease (5, 6) . Recent reports suggest that the legionellae may also occur in potable water systems, particularly in hospitals. The bacteria have been isolated from showerheads in hospitals in which there had been cases of the disease (2, 13) . We have recovered the bacteria from a prefilter of a deionization system in a hospital (16) . In England, L. pneumophila was isolated from potable water from not only hospitals but also hotels, both with and without known association with disease (14) .
These findings indicate that the bacteria may contaminate potable water systems, and that the occurrence of Legionella spp. in water systems and the impact on health need to be delineated. However, surveys for the detection of these bacteria have been limited because of the lack of a suitable selective medium. Our development of a selective medium, glycine-vancomycinpolymyxin B (GVP) agar (16) , has enabled us to conduct a survey of plumbing fixtures in hospital and nonhospital environments. The contamination of these sites by L. pneumophila and the role of hot-water tanks as a source of this contamination are reported in this paper.
MATERIALS AND METHODS
Samples. Samples of the sediment in plumbing fixtures were obtained for culturing from three nonhospital institutions, two of which were gymnasiums, five homes of faculty and staff members, and three local hospitals. Plumbing fixtures included faucets and showers. A faucet was sampled by inserting a cotton swab into the spout and vigorously rubbing the swab against the internal surface. Subsequently the hot-and cold-water stems were removed. The internal surface of each valve seat was then sampled with a cotton swab. Showers were sampled in a similar manner. A showerhead was removed, and samples were obtained from the inner surface of the showerhead and the shower pipe.
Each cotton swab was used to inoculate an agar plate. A line of inoculum, approximately 2.5 cm wide, was made by streaking across the diameter of a plate with the swab. With an inoculating needle, the inoculum was distributed over the surface of the plate by streaking perpendicularly to the line of inoculum.
Tap water was collected before the removal of sediment from a plumbing fixture. Both tap water and water from hot-water tanks were cultured by the spread plate technique by using a bent glass rod to distribute 0.1 or 0.2 ml of water over the surface of an agar plate. When legionellae were not recovered, 1 ml of water was subsequently plated out by the spread plate technique. Shower pipe >300 >300 >300 300 300 150 115 55 16 16  250  81  43 0  Showerhead  69  51  114  23  18  11  3 28  6  2 >300 300 100 0 Water and sediment from hot-water tanks were collected from the bottom drain valve of each tank. For our initial sampling of the tanks, two samples, 500 to 600 ml each, were collected from each tank. The first sample was collected immediately after a drain valve was opened, and the second one was obtained after the water had been permitted to flow for 2 to 3 min. Subsequent sampling periods entailed collection of 500 to 600 ml of water and sediment immediately after the opening of a drain valve.
A tap water suspension of the bacteria in a showerhead was prepared in an effort to isolate Legionella micdadei. This showerhead had been located in a patient room in which a case of nosocomial pneumonia due to L. micdadei had occurred. The showerhead was immersed in tap water, and the water was vigorously agitated on a magnetic stirrer. After 0.2 ml had been cultured by the spread plate technique, this showerhead suspension was incubated at 42°C for 1 week and then recultured. This procedure was used since a swab sample of the showerhead had not yielded L. micdadei. In another study, we had found that this treatment could be used for the selective enrichment of L. pneumophila (unpublished results).
All cultures were incubated at 37°C and examined daily for 7 days.
Media. Samples were first obtained from a nonhospital institution and homes for culturing. Each sample was plated on both buffered charcoal-yeast extract agar and GVP agar (16) . This procedure was modified for culturing environmental samples from the hospitals and two additional nonhospital institutions. The use of buffered charcoal-yeast extract agar was discontinued since we observed that all positive samples were detected by GVP agar and colony counts of legionellae were always higher on this medium. Also, differential GVP agar was used as the selective plating medium. This medium, GVP agar containing 0.001% bromcresol purple and bromthymol blue, permitted the differentiation of L. pneumophila from L. micdadei and other legionellae (15) . (L. micdadei has been previously called the Pittsburgh pneumonia agent and the TATLOCK bacillus [8, 11] . The names, Tatlockia micdadei and Legionella pittsburgensis have also been proposed for this bacterium [7, 10] We then obtained samples from showerheads and showerhead pipes in a gymnasium. L. pneumophila serogroups 1 and 5 were recovered from 13 of 14 showerheads. The pipes of these positive showerheads were also contaminated with the legionellae. In 10 out of the 13 positive samples, the samples from the pipes yielded higher colony counts of L. pneumophila than those from the showerheads, and this difference in counts was significant (paired Student t test, P < 0.05) ( In hospital A, we sampled the faucet assembly (faucet spout and valve seats) of the sinks in the two rooms in which the patient had been housed and the showerhead in the communal shower room which had been used by the patient. L. pneumophila serogroup 1 was recovered from all of these sites ( Table 2 ). The inner surface of the faucet spout in room 1 was the most heavily contaminated. No legionellae could be recovered from the valve seats since they contained large numbers of non-Legionellaceae bacteria which grew on differential GVP agar. However, in room 2 we were able to detect L. pneumophila in the valve seats in addition to the faucet spout.
We noted that the faucets in many of the patient rooms had aerators. Two aerators on each of nine patient care floors were sampled. Nine of 18 of these aerators were positive for L. pneumophila serogroups 1 and 6.
The patient who had been admitted to hospital B with a pneumonia due to both L. pneumophila serogroup 6 and L. micdadei was first admitted to a room in the intensive care unit, designated room 2-ICU (Table 3) , and was subsequently transferred to a private room, room 3. L. pneumophila serogroup 1 was recovered from the aerator, and serogroups 1 and 6 were recovered from the spout of the faucet in the sink in room 2-ICU. In the adjacent room (1-ICU), where more extensive sampling could be done, serogroup 6 was isolated from all the sites that were sampled, i.e., aerator, spout, and hot-and coldwater valve seats. In the private room, the legionellae were found in the faucet spout, the faucet cold-water valve seat, and the mixing valve and pipe of the shower. Among these sites, the shower mixing valve was the most heavily contaminated. Plating of 0. showed that L. pneumophila could persist for up to 4 months in plumbing fixtures. L. micdadei was isolated from only a single showerhead in hospital C. This fixture was located in a room in which a case of L. micdadei pneumonia had occurred. Initial sampling using a swab yielded only L. pneumophila. A suspension of bacteria on this showerhead was prepared as described above. Culturing of this suspension once again yielded only L. pneumophila. However, 39 colonies of L. micdadei were recovered from 0.2 ml of the suspension after it had been incubated at 42°C for 1 week. No L. micdadei was isolated from swab samples which were subsequently obtained from the shower pipe. Thus, although L. micdadei was isolated in a hospital where sporadic cases had occurred, the bacteria were apparently present infrequently or in low concentrations ( and showerhead pipes in gymnasium 1 were contaminated with legionellae as described above. One of the hot-water tanks in gymnasium 2 was also found to contain 20 CFU of L. micdadei per ml. The presence of legionellae in these tanks was not unexpected since the water and sediment at the bottom was 34 to 48°C. Samples were then collected from the hotwater tanks in hospital C and the two gymnasiums 2 months and 2.5 weeks, respectively, after the initial sampling period. With the exception of the samples from tanks 4 and 5 in hospital C, all of the samples were again positive for Legionella (Table 6 ). The sediment in tanks 4 and 5 in hospital C had been removed 2 days earlier by letting the water flow from the drain valves for 15 min. Samples from three of the other four tanks in hospital C yielded lower concentrations of legionellae than had been obtained previously. The concentration of legionellae in the second samples from the gymnasiums were essentially the same or higher than those found in the initial samples.
Water and sediment was also collected from hot-water tanks in four homes. Three of these tanks were the modern type with gas burners located at the bottom of the tank, whereas the fourth was an old type having a side burner. L. pneumophila (470 CFU/ml) was isolated only from the water and sediment from the older tank. DISCUSSION The isolation of L. pneumophila from showerheads (2, 13) was the first evidence that this bacterium could inhabit the plumbing systems of hospitals. Subsequently Tobin et al. (14) showed that L. pneumophila was present in the potable water of hospitals and hotels in Great Britain. These workers had to concentrate the bacteria in the water samples and to use guinea pig inoculation for the detection of the legionellae.
Our development of a selective medium (16) has greatly facilitated the procedure for the isolation of these bacteria from environmental sources. We have been able to conduct an Gymnasiums   1  48  220  30  850  2  34  310  30  300  3  43  80  38  270 aThe interval between collection of samples 1 and 2 was 2 months for hospital C and 2.5 weeks for gymnasiums.
extensive survey of the plumbing of hospitals, nonhospital buildings, and homes. Our findings support the above reports that L. pneumophila is present in the plumbing systems of hospitals and nonhospital institutions. L. micdadei appears to be an infrequent contaminant. On the other hand, L. pneumophila is often present on the inner surfaces of plumbing fixtures in these buildings where it may occur in relatively large numbers. The most common sites of contamination are aerators, faucet spouts, hot-water valve seats, and shower pipes. Tap water from contaminated fixtures usually contains small or undetectable numbers of legionellae.
This contamination of plumbing systems by Legionella spp. raises a number of questions concerning the source of these bacteria, their virulence, and the relationship of this contamination to the occurrence of disease, including the significance of the quantity of legionellae present. In addition, our findings may be unique to the buildings that we have sampled. The availability of our selective medium for the isolation of Legionella should facilitate the examination of plumbing systems and hot-water tanks in other localities.
The sources of the legionellae which contaminate the plumbing fixtures remain to be determined. All of the institutions that we have surveyed receive their water from the same municipal water supply system. To date, there have been no published reports which implicate potable reservoir water. We can only speculate that the bacteria may be present infrequently or in very low concentrations or both. These small numbers of legionellae may be enriched in the warm environment at the bottom of hot-water tanks.
All of the hot-water tanks in our institutions were constructed of copper-lined steel. Until other types of tanks are sampled our findings may apply only to tanks of this type of construction.
Our present working hypothesis is that the water and sediment at the bottom of hot-water tanks may be a major source of the legionellae that contaminate the plumbing fi:.tures and pipes. This high degree and frequency of contamination in the institutions may have resulted from the maintenance of hot-water tanks at temperatures optimal for the growth of L. pneumophila. The bacteria probably concentrate and multiply at the bottom of the tank, where the temperature is somewhat lower, by adhering to sediment which accumulates there. The agitation of the bacteria-laden sediment may then lead to introduction of large numbers of bacteria into the plumbing system. Dispersed sediment may settle on and thereby contaminate plumbing fixtures and pipes. The continued presence of these bacteria at these sites may be the result of their ability to survive and multiply on these surfaces and periodic reseeding from hot-water tanks. Our hypothesis is supported by two findings. First, sequential sampling from the bottom drain valves showed that the legionellae were mainly in the water and sediment at the bottom of the tanks (Table 5) . Second, we have found that L. pneumophila is able to grow in tap water at 32 to 42°C (Yee et al., submitted for publication). The temperatures of the samples were usually within this range.
Another hypothesis to be considered is the liklihood of the legionellae multiplying in the circulating hot water per se or on the surfaces of the pipes and valves of the circulating hot-water systems in the institutions (or both). We plan to obtain weekly samples of hot water just before its reentry into a highly positive hot-water tank and to sample valves and pipes of a circulating hot water system.
Our findings on a limited number (five) of single-family houses suggest that Legionella may occur infrequently in the plumbing fixtures of these buildings. We speculate that this infrequent occurrence may be related to the type of hot-water tank that is present. Houses in which legionellae were not detected utilized modern hot-water tanks. In these tanks, the heat is applied at the bottom of tanks, thereby maintaining temperatures which kill the bacteria accumulating there. In contrast, the legionellae were present in the water and sediment at the bottom of an older domestic tank which had a sideburner to heat the water. The temperature at the bottom of this tank was within the range for the growth of L. pneumophila. Interestingly, this home was the only one in which L. pneumophila was recovered from a plumbing fixture. The sampling of hot-water tanks in additional homes is needed to test this hypothesis.
Our study provides further evidence that L. pneumophila is frequently found in high numbers in plumbing systems without any association with disease. Thus caution must always be applied in implicating a contaminated plumbing system as a source of the bacteria in an outbreak of Legionnaires disease.
Decontamination of plumbing systems should be considered when there is an association with disease. In one hospital, hyperchlorination of the cold water and maintenance of the hot water at 60°C was followed by cessation of an outbreak of Legionnaires disease (4 
